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PRELIMINARY AMENDMENT 
Please amend the application as follows, without prejudice. 
IN THE CLAIMS 

Please amend claims 1-12. 

1 . (amended) A catalyst system for [the] polymerisation of ethylene, comprising chromium 
oxide and a metallocene supported on an inorganic support, characterised by: 

a) said support being a particulate inorganic oxide; 

b) [the] chromium of said chromium oxide being in a 

reduced oxidation state, 

and 

c) a metallocene compound having [the] a formula: 

CpaZrR'R" 

wherein each Cp, being equal or different, is an unsubstituted or substituted cyclopentadienyl 
compound, and R' and R", independant of each other, are selected from the group [comprising] 
consisting of alkyls having 1 to 6 carbon atoms, unsubstituted or substituted benzyl, and phenoxy 
substituted with alkyls having 1 to 6 carbon atoms, and R' or R" may be a halide. 



2. (amended) A catalyst system according to claim 1, characterised in that the 
cyclopentadienyl compound is substituted with radicals selected from the group [comprising] 



consisting of unsubstituted and substituted linear, branched, cyclic or partially cyclic alkyl 
radicals and annelated cyclic radicals, containing 1 to 20 carbon atoms; unsubstituted and 
substituted monocyclic or polycyclic aryl radicals which optionally also may contain hetero 
atoms; and aralkyl radicals; [the] wherein substituents on the cyclopentadienyl ring may also 
form annelated structures comprising one or more fused benzene, naphtalene or cyclohexene 
rings, which optionally may contain hetero atoms, and the two cyclopentadienyl rings may also 
be connected through a bridge. 

3. (amended) A catalyst system according to claim 1, characterised in that R f and R" are 
selected from the group [comprising] consisting of chloride, methyl, benzyl or phenoxymethyl, 
and combinations thereof. 

4. (amended) A catalyst system according to claim[s] 1 [to 3], characterised in that Cp is an 
unsubstituted cyclopentadienyl and that R* and R" are equal and are either methyl or benzyl. 

5. (amended) A catalyst system according to claim[s] 1 [to 4], characterised in that the 
metallocene is bis-cyclopentadienylzirconium dibenzyl. 

6. (amended) A catalyst system according to claim 1, characterised in that said support is a 
particulate, inorganic oxide selected from the group [comprising] consisting of alumina, silica, 
titania, zirconia, magnesia, and combinations thereof. 

7. (amended) A catalyst system according to claim 6, characterised in that said support is 
silica having [the] a shape of spherical or spheroidal particles with a particle size in [the] a range 
of from 20 \im to 150 jam, and a surface area from 200 m 2 /g to 600 m 2 /g. 

8. (amended) A catalyst system according to claim 1, characterised in that the chromium is 
present in an amount from 0.1 % to 10 % by weight calculated as metallic chromium based on 
[the] weight of the chromium/silica catalyst of a) and b). 



9. (amended) A catalyst system according to claim 8, characterised in that the chromium is 
present in an amount from 0.5 to [2,0] 2A % by weight of chromium. 

10. (amended) A catalyst system according to claim 1 [to 5], characterised by a molar ratio 
between zirconium and chromium in the final catalyst in [the] a range from 0.1:1 to not higher 
than 2:1. 

1 1 . (amended) A catalyst system according to claim [9] 10, characterised in that said molar 
ratio between zirconium and chromium is from 0.5:1 to 1:1. 

12. (amended) A method for the preparation of [the] a catalyst system for polymerisation of 
ethylene, comprising chromium oxide and a metallocene supported on an inorganic support [of 
claim 1], the method comprising the steps of: 

a) calcining a support being a particulate, inorganic oxide selected from the 
group [comprising] consisting of alumina, silica, titania, zirconia, magnesia, and 
combinations thereof, 

b) joining onto [the] a surface of said support a chromiumorganic compound 
to obtain a catalyst precursor, 

c) subjecting said catalyst precursor to oxidising conditions to obtain [the] 
chromium in an oxidised state, mid 

d) subjecting said catalyst precursor to reducing conditions to obtain a 
prereduced catalyst, characterised by 

e) reducing the oxidised chromium to obtain [the] a main part thereof in a 
bivalent oxidation state , and 

f) contacting said reduced catalyst with a metallocene compound having 
[the] a formula: 

CpzZrR'R" 

wherein each Cp, equal or different, is an unsubstituted or substituted cyclopentadienyl 
compound, and R' and R n , independant of each other, are selected from the group [comprising] 
consisting of alkyls having 1 to 6 carbon atoms, unsubstituted or substituted benzyl, and phenoxy 
substituted with alkyls having 1 to 6 carbon atoms, and R' or R" may be a halide. 



REMARKS 



This Preliminary Amendment is being submitted to correct typographical errors in the 
claims, convert a number of multiple dependent claims to dependent claims, and to conform the 
claims to U.S. patent practice. No new matter is being introduced thereby. 

Applicants respectfully request entry of this amendment prior to examination of the 
application on the merits. 



Respectfully submitted, 



Date: October 10, 2000 




Christopher W. Stamos 
Attorney for Applicants 
Registration No. 35,370 



Testa, Hurwitz & Thibeault, LLP 
125 High Street 
High Street Tower 
Boston, MA 02110 
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CATALYST SYSTEM FOR ETHYLENE POLYMERISATIONS 
TECHNICAL FIELD 

The present invention relates to a supported chromium oxide 
catalyst, in particular a catalyst system comprising an inorganic 
support, a chromium oxide and a metallocene compound, and a 
method for the preparation of said catalyst system. The catalyst 
produces branched polyethylenes without the use of a copolymer, 
and the molecular weight can be controlled by feeding hydrogen. 

BACKGROUND ART 

To obtain linear polyolefins having desired properties, different 
catalyst systems in combinations with controlled polymerisation 
conditions are used. A typical supported chromium catalyst that 
is extensively used in commercial polymerisations of ethylene is 
formed by depositing a chromium compound onto a support, which 
is then oxidised. The oxidised catalyst precursor may be 
introduced as such into a polymerisation reactor, where it will 
be reduced in situ by the olefin monomers to its active catalytic 
state. It is also well known that oxidised chromium compounds may 
be prereduced by suitable reagents, such as hydrogen or carbon- 
monoxide (J. P. Hogan, J.Polym. Sci., PtA-1, 8, 2637 (1970), and 
references therein). The resulting chromium surface species are 
generally accepted to be highly reactive ♦ A prereduced chromium- 
based catalyst will produce polyethylenes having a broad 
molecular weight distribution ( MWD ) and mainly long , straight 
chains. Such catalysts are not hydrogen-sensitive. 

Another commercially important class of catalysts used to 
polymerise a-olefins are the cyclopentadienyl transition metal 
catalysts, usually termed metallocene catalysts . Metallocenes 
contacted with Lewis acids will give effective polymerisation 
catalysts that produce linear polyethylenes having a narrow 
molecular weight distribution (MWD). Such catalysts are sensitive 
to the presence of hydrogen. 

By adding comonomers and optionally hydrogen during the catalysed 
polymerisation reactions the density and chain branching of the 
produced polymer can be controlled. In the prior art efforts have 
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been made "to develop combined catalyst systems that produce short 
chain branched polyethylenes , without the addition of comonomers 
during the polymerisation reactions. 

US Patent 4,735,931 discloses a catalyst system prepared by 
first depositing a chromium compound on a predominantly silica 
support, activating said catalyst in an oxygen-containing 
atmosphere and thereafter subjecting the thus activated com- 
position to reduction with carbon monoxide. The resulting 
chromium catalyst composition is then precontacted with a 
cocatalyst selected from trialkyl boron and dialkyl aluminium 
alkoxide compounds, preferably triethyl borane, and thereafter 
contacted with ethylene. When used in olefin polymerisations this 
catalyst provides in situ generation of comonomers, resulting in 
tough, flexible, mainly pure polyethylene resins. 

US Patent 5,032,651 teaches the use of catalyst mixtures of two 
transition metal catalysts. One of the catalysts comprises 
chromium oxide supported on an aluminophosphate, and the other 
one comprises a p-stabilized tetrahydrocarbyl zirconium compound 
supported on an inorganic material. The catalysts may be premixed 
before use, or they may be fed separately to the reactor. 
Olefinic polymers exhibiting high environmental stress crack 
resistance (ESCR) are produced. 

EP 206794 describes an olefin polymerisation catalyst comprising 
a support contacted with a Group 4b, 5b or 6b metallocene and an 
aluminoxane . 

EP 088 562 discloses a modified polymerisation catalyst com- 
prising a silica support with deposited chromium. Following 
oxidation in dry air, the chromium is modified by being contacted 
with a transition metal compound of Ti, V or Cr, preferably Ti. 
Only the use of bis-toluene titanium is exemplified, and the 
obtained polyethylenes have a substantial degree of branching and 
a medium or broad molecular weight distribution. 

US 3,378,536 discloses a process for the polymerisation of 
ethylene by the use of a two-component catalyst system consisting 
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of (a) a chromium compound deposited on e.g. silica, where the 
chromium being activated in an oxygen-containing gas at a high 
temperature and then reduced with CO; and (b) chromium or 
vanadium arene where the arene is an aromatic , optionally 
substituted C 6 ring. The two catalyst components are preferably 
fed separately to the polymerisation reactor. 

It is well known to a person skilled in the art that the various 
processing techniques used in the manufacturing of final articles 
from polyethylene resins require polyethylene grades having 
specific rheological properties. For instance, in the extrusion 
blow moulding of containers polyethylenes having a broad MWD and 
long straight chains are typically used, while in film blowing 
lower density polyethylenes are preferred. 

It is an object of the present invention to provide a novel 
catalyst system that produces a branched polyethylene from 
ethylene without any addition of comonomer during the polymerisa- 
tion reaction, A further object is to control the polymerisation 
reaction to produce polyethylenes having a desired density and 
molecular weight. Another object is to obtain polyethylene resins 
suitable for use blow moulding and film blowing processing. 

It has now been found that a catalyst system comprising a 
prereduced chromium on silica catalyst that have been contacted 
with a metallocene compound fulfils the requirements above. The 
novel catalyst system produces a branched low density polyethyl- 
ene polymer without any added comonomer. The density and 
molecular weight (and hence the melt flow index) of the polymer 
can be controlled by the addition of hydrogen to the reactor. 

DISCLOSURE OF INVENTION 

The present invention thus provides a catalyst system for the 
polymerisation of ethylene, comprising chromium oxide supported 
on an inorganic support, wherein 

a) said support being a particulate inorganic oxide; 

b) the chromium of said chromium oxide being in a reduced 
oxidation state, and comprising 

c) a metallocene compound having the formula: 
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Cp 2 ZrR'R" 

wherein each Cp, being equal or different, is an unsubstituted 
or substituted cyclopentadienyl compound, and R f and R" , 
independant of each other, are selected from the group comprising 
alkyls having 1 to 6 carbon atoms, unsubstituted or substituted 
benzyl, and phenoxy substituted with alkyls having 1 to 6 carbon 
atoms, and R f or R" may be a halide. 

The invention also provides a method for the preparation of the 
catalyst system above, comprising the steps of: 

a) calcining a support being a particulate, inorganic oxide 
selected from the group comprising alumina, silica, titania, 
zirconia, magnesia, and combinations thereof, 

b) joining onto the surface of said support a chromium-organic 
compound to obtain a catalyst precursor, 

c) subjecting said catalyst precursor to oxidising conditions to 
obtain the chromium in an oxidised state, 

d) subjecting said catalyst precursor to reducing conditions to 
obtain a prereduced catalyst, thus 

e) reducing the oxidised chromium to obtain the main part thereof 
in a bivalent oxidation state, 

f ) contacting said reduced catalyst with a metallocene compound 
having the formula: 

Cp 2 ZrR f R" 

wherein each Cp, equal or different, is an unsubstituted or 
substituted cyclopentadienyl compound, and R T and R", independant 
of each other, are selected from the group comprising alkyls 
having 1 to 6 carbon atoms, unsubstituted or substituted benzyl, 
and phenoxy substituted with alkyls having 1 to 6 carbon atoms, 
and R' or R" may be a halide ♦ 

BEST MODES FOR CARRYING OUT THE INVENTION 

The catalyst system of the present invention comprises a 
supported reduced chromium/silica catalyst contacted with a 
metallocene compound. In general, metallocenes based on zir- 
conium, hafnium and titanium are preferred as metallocene 
catalysts. By metallocenes are meant compounds in which a metal 
atom or ion or complex ion is n-bonded by at least one ligand, 
e.g. by 1, 2 or 3 ligands or ligand components. The n-bonding 
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ligands in such catalysts may be simple unsubstituted cyclo- 
pentadienyl rings, but preferably they will be optionally 
substituted fused ring systems (e.g. indenyl ligands), sub- 
stituted cyclopentadienyl rings, optionally substituted bridged 
bis-cyclopentadienyl ligands or optionally substituted bridged 
bis fused ring systems (e.g. bis indenyl ligands). 

The catalyst support may be any oxide of metals from groups 2, 
3, 4, 11, 12, 13 and 14 of the Periodic System of Elements. 
Preferred metal oxides are magnesia, alumina, titania, zirconia 
and silica. A particularly preferred catalyst support is silica. 
Such a silica support must contain not less than 90% pure silica, 
with the remaining part may consisting of other oxides, such as 
oxides of aluminium, zirconium, titanium, magnesium and phosphor. 
The support should consist of particles having preferably a 
spherical or spheroidal shape and a size from about 10 jam to 
150 pm, more preferably from 20 jam to 120 jam, and a particle size 
distribution from narrow to broad within said ranges. 

The chromium compound to be impregnated onto the silica support 
may be an inorganic chromium compound, such as chromium nitrate 
and chromium oxide, or an organic chromium compound, such as 
chromium acetate. Other chromium compounds are also useable. The 
chromium compound can be joined with the support in any way known 
in the art, such as by coprecipitation with the silica support 
or addition to a silica gel after its formation, or after that 
it has been dried. A typical procedure of impregnation comprises 
the use of a water-soluble compound, or the use of an organo- 
chromium compound in an anhydrous hydrocarbon solution. The only 
precondition is that the chromium compound can be oxidized to a 
chromium oxide. The amount of chromium compound joined with the 
inorganic support must be sufficient to obtain from 0.1% to 10%, 
preferably from 0.5% to 2.0%, by weight of chromium, calculated 
as metallic chromium based on the weight of the supported 
chromium catalyst. When the impregnation is finished any possible 
remaining solvent is removed to obtain a dry solid. 

Such solid chromium oxide/silica catalyst precursors are also 
commercially available from a number of producers. A closer 
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description of their preparation is therefore regarded as being 
superfluous . 

The obtained catalyst precursor must be activated before use. 
This is done by calcination in dry air or another oxygen- 
containing gas at temperatures in the range from 400 to 950 °C, 
preferably from 550 to 800 °C, during a period from 10 minutes 
to 24 hours, preferably from 2 to 20 hours. The oxidised catalyst 
precursor is conventionally subjected to reduction, preferably 
with carbon monoxide or a mixture of carbon monoxide and an inert 
component, such as nitrogen or argon. The reduction is normally 
performed at a temperature within the range from 300 to 500 °C, 
preferably from 350 °C to 400 °C, during a period from 5 minutes 
to 48 hours, preferably from 1 to 10 hours. When the reduction 
is completed, the major part of the contained chromium should 
preferably be in a bivalent oxidation state. The final chromium 
catalyst particles should have a surface area from 200 to 600 
m 2 /g, more preferably from 300 to 550 m 2 /g, and a pore volume 
from 1 to 3 cm 3 /g. The chromium oxide/silica catalyst in a 
reduced state, either as a dry powder or as a slurry in a dry 
oxygen- free hydrocarbon solvent, e.g. an alkane, must be stored 
in an inert ambience. 

The present invention is not restricted to any particular 
procedure for the preparation of the chromium oxide/silica 
catalyst, and other methods than those described here may also 
be applicable. 

The obtained chromium oxide/silica catalyst is contacted with a 
cyclopentadienyl- zirconium compound, hereinafter termed "zir- 
conocene" . Preferred zirconocenes can be represented by the 
simplified formula: 

Cp 2 ZrR ? R" 

wherein Cp designates cyclopentadienyl groups selected from 
unsubstituted cyclopentadienyl; cyclopentadienyl substituted with 
radicals selected from the group comprising unsubstituted and 
substituted linear, branched, cyclic or partially cyclic alkyl 
radicals, and annelated cyclic radicals, containing 1 to 20 
carbon atoms; unsubstituted and substituted monocyclic or 
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polycyclic aryl radicals which optionally also may contain hetero 
atoms; and aralkyl radicals. The substituents on the cyclopen- 
tadienyl ring may also form annelated structures comprising one 
or more fused benzene, naphtalene or cyclohexene rings, which 
optionally may contain hetero atoms. The substituents R 1 and R" , 
equal or different, are selected from the group comprising alkyls 
having 1 to 6 carbon atoms, unsubstituted or substituted benzyl, 
and phenoxy substituted with alkyls having 1 to 6 carbon atoms. 
Preferably, R 1 and R" are independently selected from the group 
comprising methyl, benzyl or f enoxymethyl , and any combination 
thereof. One or R 1 and R" may also be a halide, preferably 
chloride, 

A number of suitable metallocene compounds of the formula above 
are known in the art and have been recited in the literature. 
Particularly preferred metallocene compounds are embodied in the 
working examples . 

Particularly good results are obtained when Cp represents cyclo- 
pentadienyl, and R 1 and R " are the same and are benzyl or methyl. 

The zirconocene compound is joined with the activated prereduced 
chromium oxide/silica catalyst most conveniently by dissolving 
the zirconocene in a solvent, e.g. toluene, and impregnate the 
chromium oxide/silica catalyst with this toluene solution. 
Eventually, the solvent is removed by evaporation, preferably in 
an inert atmosphere, whereupon the catalyst is ready for use. 

The final catalyst will contain both zirconium and chromium, pre- 
ferably in a molar ratio of zirconium to chromium in the range 
from 0.1:1 to not higher than 2:1. More preferably the catalyst 
contains zirconium and chromium in a molar ratio from 0.5:1 to 
1:1. 

Prior to polymerisation, the catalyst may optionally be prepoly- 
merised with a minor amount of ethylene and/or an a-olefin in 
accordance with methods well known in the art, before being fed 
continuously to the polymerisation reactor. 
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Polymerisations can be performed in any conventional type of 
reactor, such as in a batch reactor or most preferably in a 
continuous reactor. The present catalysts are suitable for use 
in all types of olefin polymerisations, including gas phase and 
suspension polymerisations. In general, polymerisations are 
performed at temperatures below 110 °C, and at a total pressure 
in the range from ambient to 50 bar. Hydrogen is used to control 
the molecular weight, and consequently the melt flow index, of 
the polymer, whereas the catalyst determines the short chain 
branching on the polyethylene backbone and hence the density of 
the polyethylene. 

The general polymerisation parameters mentioned above are well 
known in the art and further details concerning ethylene poly- 
merisations should be superfluous. Typical polymerisation 
conditions are presented in the examples below. 

It is realized that the present catalyst system has its highest 
catalytic activity when the substituents R 1 and R" of the zir- 
conocene compound are pure hydrocarbyl radicals, in the examples 
embodied as benzyl or methyl. A person skilled in the art will 
understand that similar hydrocarbyl compounds are expected to 
have the same effect and that such compounds are contemplated by 
the present invention. The catalysts of this invention provide 
substantially higher activities than the prior art chromium/ - 
silica catalysts. When the substituents R 1 and R" contain hetero 
atoms, such as 0 and CI, the present catalysts will get a reduced 
activity, typically lower than the activity of a comparative 
prior art chromium/silica catalyst. Thus, the activities of the 
catalysts of the present invention will be at their highest when 
the metallocene component is a pure hydrocarbyl zirconocene. 

The present catalysts will have an activity that varies with the 
molar ratio between zirconium and chromium in the final catalyst. 
When the contained amount of zirconium is higher than the amount 
of chromium, the catalyst will have a lower catalytic activity 
than a comparative prior art chromium/silica catalyst. The 
present catalysts have their highest activity when the molar 
ratio between zirconium and chromium is about 0.5:1. This indi- 
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ca tes that only a minor amount of zirconocene is required to in- 
crease substantially the activity of a chromium/silica catalyst. 

The catalytic activities of the present catalysts are also 
influenced by the concentration of hydrogen present in the 
polymerisation reactor. It has been found that an optimum level 
is about 1 bar of hydrogen. 

The hydrogen level will also influence on the short chain 
branching of the produced polyethylenes . Analysis of poly- 
ethylenes polymerised with the present catalysts show that the 
obtained polymers have a higher amount of short chain branching 
than polyethylenes produced with a prior art chromium/silica 
catalyst. In particular, the amount of ethyl branches will 
increase. A higher level of hydrogen will increase the amount of 
short chain branching, in particular when using a catalyst having 
a ratio Zr/Cr of 0.5. By adjusting this ratio, as well as the 
hydrogen level inside the reactor, the morphology of the final 
resin can be controlled. Compared with the common used prior art 
chromium/silica catalysts, the catalysts of the present invention 
have a higher activity and will give a higher amount of short 
chain branching. 

The present catalysts are preferably used to homopolymerise 
ethylene. However, it is also possible to use the present 
catalysts in copolymerisations of ethylene with a comonomer or 
a mixture of comonomers. Useful comonomers are all polymerisable 
a-olefins having the general formula CH 2 =CHR, wherein R is a 
hydrocarbon radical containing 1-18 carbon atoms, preferably 1-10 
carbon atoms. Examples of particularly preferred a-olefins are 
propylene, 1-butene, 1-hexene, 4-methyl-l-pentene and 1-octene. 
However, the greatest achievements of the present catalysts are 
in homopolymerisations of ethylene. 

The produced polyethylenes will have a density from 910 to >960 
kg/m 3 , and a melt index from 0.01 to above 100 g/10 min, prefer- 
ably from 0.1 to 60 g/10 min (determined according to the method 
of ASTM 1238), depending on the polymerisation conditions, as ex- 
plained above. More detailed specifications concerning the pro- 
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per-ties of the obtained polyethylenes are given in the examples. 
EXAMPLES 

Preparation of a Cr/Si0 2 catalyst 

A catalyst support of silica having a surface area of 300 m 2 /g 
and a pore volume of 1.6 cm 3 /g was impregnated with an aqueous 
solution of Cr0 3 in an amount sufficient to finally obtain 1 % by 
weigt of Cr, calculated as metal based on the weight of the 
support. The impregnated support was reduced at 380 °C in a gas 
consisting of 5% of CO in nitrogen for 4 h, and then allowed to 
cool to ambient temperature in an inert atmosphere. For further 
use, the obtained blue-coloured catalyst was suspended in a dry, 
oxygen-free, purified mineral oil to a level of about 10 % by 
weight of catalyst. 

Synthesis of bis-cyclopentadienyl-zirconiumbenzyl (Cp 2 ZrBz 2 ) . 

This zirconocene was prepared according to the method described 
by Fachinetti et al. in J. Chem. Soc, Chem. Commun. , 1972, p. 
654, by reacting 3 g of Cp 2 ZrCl 2 with 20.6 ml of a 1.0 M solution 
of BzMgCl (Bz=benzyl) in toluene at 0 °C for 1.5 h. The obtained 
yellow product was recrystallized from a mixture of toluene/hep- 
tane at -25 °C. The crystallized solid was collected by filtra- 
tion and dried in vacuum. 

Synthesis of bis-cyclopentadienyl-zirconiummethyl (Cp 2 ZrMe 2 ) 
This zirconocene was synthesized according to the method 
described by Wailes et al. in J. Organomet. Chem., Vol. 34, 1972, 
p. 155, by reacting 5 g of Cp 2 ZrCl 2 with 21.6 ml of MeLi 
(Me=methyl) in diethylether at 0 °C for 1 h. The precipitated 
LiCl was removed by filtration and the diethylether evaporated 
in vacuum to obtain a solid residue. This residue was heated at 
80 °C and reduced pressure (2 to 10 torr). The obtained sublimed 
white crystalline Cp 2 ZrMe 2 was collected. 

Synthesis of bis-cyclopentadienyl-zirconiummethyl ( f enoxymethyl) 
(Cp 2 2rMe(0PhMe) 

To 4.84 ml of a 10% toluene solution of Cp 2 ZrMe 2 was added a 
stoichiometric amount of a 2.1% toluene solution of cresol at 
ambient temperature and allowed to react for 1 h. Methane was 
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released during the reaction. 

Synthesis of bis-cyclopentadienyl-zirconiummethylchloride 
(Cp 2 ZrMe(Cl) 

To 10 g of a 5% solution of Cp 2 ZrMe 2 was added slowly 48.7 ml 
gaseous HC1 at 0 °C. The mixture was then allowed to reach 
ambient temperature and it was kept at this temperature overnight 
to complete the reaction. 

General procedure for the preparation of zirconocene-containing 
catalysts 

A synthesized zirconocene compound was contacted with the Cr/Si0 2 
catalyst above* In an inert atmosphere at ambient temperature the 
zirconocene was added dropwise to a 10 % slurry of the Cr/Si0 2 
catalyst and the reaction mixture stirred for at least 1 h to 
complete the reaction. 

General polymerisation procedure 

All laboratory stainless steel batch reactor equipped with a 
paddle stirrer was heated to a desired temperature between 90 °C 
and 100 °C and purged with nitrogen, then 1.5 ml of the catalyst 
slurry was introduced and a desired amount of hydrogen was fed 
to the reactor. Then 0.5 1 of i-butane was added to act as a 
diluent, whereupon ethylene was introduced until a total pressure 
of 31,0 bar. The overall pressure was kept constant during the 
entire polymerisation run by feeding ethylene. The reactor 
temperature was kept constant at the fixed temperature to an 
accuracy of ±0.5 °C by automatically adjusting the heating and/or 
cooling of the reactor. Polymerisation times were from 20 and 40 
minutes . 

EXAMPLES 1 TO 8 

These examples demonstrate the polymerisation of ethylene in the 
presence of a catalyst containing one of the various zirconocene 
compounds synthesised above. The examples show that the catalysts 
comprising Cr/Si0 2 contacted with Cp 2 ZrBz 2 or Cp 2 ZrMe 2 have the 
highest polymerisation activities. In all examples the molar 
ratio Zr/Cr equalled 1, the polymerisation temperature was in the 
range from 93 °C to 98 °c, and the H 2 pressure was either 1.0 or 
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0.5 bar. Polymerisation parameters and obtained results are given 
in table 1. 

EXAMPLES 1 AND 2 

Polymerisation catalyst: Cr/Si0 2 contacted with Cp 2 ZrBz 2 . 
In a 20 ml vial 0,510 g of the prepared Cr/Si0 2 catalyst 
(containing 1% Cr) was suspended in 4.168 g of mineral oil and 
the bottle closed with a septum. By the use of a syringe 0.375 
ml of a 10% toluene solution of Cp 2 ZrBz 2 was added while stirring 
by the use of a magnet bar, and the stirring continued for 1 h 
more. The obtained catalyst was used in the polymerisation of 
ethylene according to the general polymerisation procedure 
described above. 

EXAMPLES 3 AND 4 

Polymerisation catalyst: Cr/Si0 2 contacted with Cp 2 ZrMe 2 . 

The procedure of Examples 1 and 2 was followed, except that the 

catalyst was prepared by adding 0.251 ml of a 10% solution of 

Cp 2 ZrMe 2 * 

EXAMPLES 5 AND 6 

Polymerisation catalyst: Cr/Si0 2 contacted with Cp 2 ZrMe( OPhMe ) . 
The procedure of examples 1 and 2 was followed, except that the 
catalyst was prepared by adding 0.342 ml of a 10% solution of 
Cp 2 ZrMe( OPhMe) . 

EXAMPLES 7 AND 8 

Polymerisation catalyst: Cr/Si0 2 contacted with Cp 2 ZrMe(Cl). 
The procedure of examples 1 and 2 was followed, except that the 
catalyst was prepared by adding 0 . 342 ml of a 5 % solution of 
Cp 2 ZrMe( OPhMe ) . 

EXAMPLE 9 (COMPARATIVE EXAMPLE) 
Polymerisation catalyst: Cr/Si0 2 . 

The procedure of examples 1 and 2 was followed, except that the 
catalyst was prepared by suspending 2 g of the Cr/Si0 2 prepared 
above in 16.691 g of mineral oil in a 50 ml glass bottle which 
was sealed with a septum. An amount of 1.5 ml of the catalyst 
slurry was withdrawn and used in a polymerisation run. 
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The results presented in Table 1 show that the pure hydrocarbyl 
zirconocenes of Examples 1 and 2, Cp 2 ZrBz 2 , and 3 and 4, Cp 2 ZrMe 2(r 
gave increased polymerisation activities compared with the 
standard prior art Cr/Si catalyst- On the other hand, the 
catalysts of Examples 5 and 6 containing hydrocarboxy substi- 
tuents, and of Examples 7 and 8 containing chloride substituents , 
have lower activities than the prior art catalyst of Example 9. 
Further, the results show that the catalytic activity of the 
catalyst of Examples 1 and 2 depends on the hydrogen level 
present during polymerisation, and also properties like MFR and 
density of the produced polyethylene vary with the hydrogen 
concentration. Thus, the properties of the produced polyethylene 
can be controlled by regulating the hydrogen feed to the 
polymerisation reactor. The catalyst of Examples 3 and 4 shows 
the same tendency, but less pronounced. The activities of the 
catalysts of Examples 5 and 6, and 7 and 8, show a much less 
response to the presence of hydrogen. 
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EXAMPLES 10 TO 16 

These examples demonstrate the relation between catalytic 
activity and the ratio Zr/Cr of the catalyst in the polymeri- 
sations of ethylene. The catalyst of Examples 1 and 2, Cp 2 ZrBz 2 , 
and of Examples 3 and 4, Cp 2 ZrMe 2/ were used. The general 
polymerisation procedure above was followed. 

EXAMPLE 10 

Polymerisation catalyst: Cr/Si0 2 contacted with Cp 2 ZrBz 2/ having 
a Zr/Cr molar ratio of 0.25:1. 

The catalyst was prepared analogous to example 1 by suspending 
1.750 g of prereduced 1% by weight Cr/Si0 2 in 14.685 g of mineral 
oil in a 50 ml glass bottle provided with a septum. To this 
mixture was added 0.352 ml of 10% by weight Cp 2 ZrBz 2 in toluene, 
and the mixture was stirred for another 1 h. The obtained 
catalyst was then used in the polymerisation of ethylene. 

EXAMPLE 11 

The polymerisation catalyst was prepared as in Example 10, except 
that 0.5 g of Cr/Si0 2 was suspended in 4.801 g of mineral oil in 
a 20 ml glass bottle, and 0.201 ml of a 10% by weight solution 
of Cp 2 ZrBz 2 in toluene was added to obtain a Zr/Cr ratio of 
0.5:1. 

EXAMPLE 12 

The catalyst was prepared as in Example 11, except that 0.403 ml 
of a 10% by weight solution of Cp 2 ZrBz 2 in toluene was added to 
obtain a Zr/Cr molar ratio of 1:1. 

EXAMPLE 13 

The catalyst was prepared as in Example 11, except that 0.806 ml 
of a 10% by weight solution of Cp 2 ZrBz 2 in toluene was added to 
obtain a Zr/Cr molar ratio of 2:1. 

EXAMPLE 14 

Polymerisation catalyst: Cr/Si0 2 contacted with Cp 2 ZrMe 2 , having 
a Zr/Cr molar ratio of 0.5:1. 

The catalyst was prepared analogous to example 3 by suspending 
1 g of Cr/Si0 2 in 8.327 g of mineral oil in a 50 ml glass bottle 
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provided with a septum. To this mixture was added 0.251 ml of a 
10% by weight solution of Cp 2 ZrMe 2 in toluene, and the mixture 
was stirred for another 1 h. 

s EXAMPLES 15 AND 16 

The catalyst was prepared as in Example 14, except using 0.502 
ml and 1.004 ml of the 10% by weight solution of Cp 2 ZrMe 2 in 
toluene, respectively. The Zr/Cr ratios were 1:1 and 2:1, 
respectively . 

10 

The results presented in Table 2 show that the catalyst Cp 2 ZrBz 2 
of Examples 10 to 13 has a highest activity with a Zr/Cr molar 
ratio of about 0.5:1. When this ratio is increased, the catalyst 
activity decreases and becomes zero at a ratio of 2:1. The 
15 catalyst Cp 2 ZrMe 2 shows a decreasing activity with increasing 
ratio Zr/Cr from 0.5:1 to 2:1. Thus, for both catalysts an 
optimal ratio seems to be Zr/Cr = 0.5:1. 



20 



25 



30 



35 



WO 99/52951 



17 



PCT/NO99/001I6 




WO 99/52951 



18 



PCT/NO99/00116 



EXAMPLES 17 TO 22 

These examples demonstrate the effect of varying the 
partial pressure of hydrogen in the reactor when polymerising 
ethylene in the presence of catalysts Cp 2 ZrBz 2 and Cp 2 ZrMe 2 . In 
all examples the molar ratio Zr/Cr equalled 0.5:1- Polymerisation 
parameters and obtained results are given in Table 3. 

EXAMPLES 17 TO 20 

Polymerisation catalyst: Cr/Si0 2 contacted with Cp 2 ZrBz 2 . 
The catalyst was prepared analogous to example 11 by suspending 
1.501 g of reduced 1% by weight of Cr/Si0 2 in 12.473 g of mineral 
oil in a 50 ml glass bottle provided with a septum. To this mix- 
ture was added 0.603 ml of a 10% by weight solution of Cp 2 ZrBz 2 
in toluene and the mixture was stirred for another 1 h. The 
obtained catalyst was then used in the polymerisation of ethylene 
according to the general polymerisation procedure outlined above, 
with hydrogen pressures of 0, 0.5, 1 and 2 bars, respectively. 

EXAMPLES 21 AND 22 

Example 14 was repeated, except that the hydrogen pressure was 
1 bar and 2 bars, respectively. 

The results presented in Table 3 show that catalyst Cp 2 ZrBz 2 and 
catalyst Cp 2 ZrMe 2 behave differently in the presence of hydrogen. 
Catalyst Cp 2 ZrBz 2 used in Examples 17 to 21 has a higher activity 
around 1 bar hydrogen pressure. Increased hydrogen level 
increases the melt index and lowers the density of the produced 
polyethylene, which indicates an increasing amount of short chain 
branching. Catalyst Cp 2 ZrMe 2 used in Examples 14, 21 and 22 
responds very little to an increased hydrogen pressure. 
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EXAMPLE 23 

Example 11 was repeated, except that the level of hydrogen was 
increased to 1 bar. 

5 EXAMPLE 24 

Example 12 was repeated, except that the level of hydrogen was 
increased to 1 bar. 

Polyethylenes produced with catalyst Cr/Si0 2 + Cp 2 ZrBz 2 were 
io subjected to spectroscopic analysis of end groups with IR and 
13 C-NMR. The spectroscopis analysis shows that the branches are 
mainly ethyl and butyl branches which have been introduced by the 
copolymer isat ion of 1-butene and 1-hexene as comonomers produced 
from ethylene simultaneously with the polymerisation reaction in 
is the reactor. Obtained results are presented in Table 4. 

The results of Table 4 show that there is produced a considerable 
amount of short chain branching on the polyethylenes during 
polymerisation. The short chain branching can be controlled by 
20 using catalysts with different Zr/Cr ratios and by adjusting the 
hydrogen level . 
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CLAIMS 

s 1. A catalyst system for the polymerisation of ethylene, 

comprising chromium oxide and a metal locene supported on an 
inorganic support, characterised by: 

a) said support being a particulate inorganic oxide; 

b) the chromium of said chromium oxide being in a 
io reduced oxidation state, 

and 

c) a metallocene compound having the formula: 

Cp 2 ZrR'R" 

wherein each Cp, being equal or different, is an unsubstituted 
15 or substituted cyclopentadienyl compound, and R f and R" , 
independant of each other, are selected from the group 
comprising alkyls having 1 to 6 carbon atoms, unsubstituted or 
substituted benzyl, and phenoxy substituted with alkyls having 
1 to 6 carbon atoms, and R' or R" may be a halide. 

20 

2. A catalyst system according to claim 1, characterised 
in that the cyclopentadienyl compound is substituted with 
radicals selected from the group comprising unsubstituted and 
substituted linear, branched, cyclic or partially cyclic alkyl 

25 radicals and annelated cyclic radicals, containing 1 to 20 
carbon atoms; unsubstituted and substituted monocyclic or 
polycyclic aryl radicals which optionally also may contain 
hetero atoms ; and aralkyl radicals ; the substituents on the 
cyclopentadienyl ring may also form annelated structures 

30 comprising one or more fused benzene, naphtalene or cyclohexene 
rings, which optionally may contain hetero atoms, and the two 
cyclopentadienyl rings may also be connected through a bridge. 

3. A catalyst system according to claim 1, characterised 
35 in that R' and R» are selected from the group comprising 

chloride, methyl, benzyl or phenoxymethyl , and combinations 
thereof . 
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4. A catalyst system according to claims 1 to 3 , charac- 
terised in that Cp is an unsubstituted cyclopentadienyl and 
that R r and R" are equal and are either methyl or benzyl. 

5. A catalyst system according to claims 1 to 4 , charac- 
terised in that the metallocene is bis- cyclopentadienyl - 
zirconium dibenzyl . 

6. A catalyst system according to claim 1, characterised 
in that said support is a particulate, inorganic oxide selected 
from the group comprising alumina, silica, titania, zirconia, 
magnesia, and combinations thereof. 

7. A catalyst system according to claim 6, characterised 
in that said support is silica having the shape of spherical or 
spheroidal particles with a particle size in the range of from 
20 fjm to 150 fim, and a surface area from 200 m 2 /g to 600 m 2 /g. 

8. A catalyst system according to claim 1, characterised 
in that the chromium is present in an amount from 0 . 1 % to 10 % 
by weight calculated as metallic chromium based on the weight 
of the chromium/ silica catalyst of a) and b) . 

9. A catalyst system according to claim 8, characterised 
in that the chromium is present in an amount from 0.5 to 2,0 % 
by weight of chromium. 

10. A catalyst system according to claim 1 to 5, 
characterised by a molar ratio between zirconium and chromium 
in the final catalyst in the range from 0.1:1 to not higher 
than 2:1. 



11. A catalyst system according to claim 9, characterised 
in that said molar ratio between zirconium and chromium is from 
0.5:1 to 1:1. 

12. A method for the preparation of the catalyst system of 
claim 1, comprising the steps of: 
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a) calcining a support being a particulate, inorganic 
oxide selected from the group comprising alumina, silica, 
titania, zirconia, magnesia, and combinations thereof, 

b) joining onto the surface of said support a chromium- 
5 organic compound to obtain a catalyst precursor, 

c) subjecting said catalyst precursor to oxidising 
conditions to obtain the chromium in an oxidised state, 

d) subjecting said catalyst precursor to reducing 
conditions to obtain a prereduced catalyst, 

10 characterised by 

e) reducing the oxidised chromium to obtain the main 
part thereof in a bivalent oxidation state 

f) contacting said reduced catalyst with a metallocene 
compound having the formula: 



wherein each Cp, equal or different, is an unsubstituted or 
substituted cyclopentadienyl compound, and R' and R", 
independant of each other, are selected from the group 
comprising alkyls having 1 to 6 carbon atoms, unsubstituted or 
20 substituted benzyl, and phenoxy substituted with alkyls having 
1 to 6 carbon atoms, and R' or R" may be a halide. 
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certificate, or 365(a) of any PCT international application which designated at least ofle country other than the United States of America, 
listed below and have also identified below, by checking the box, any foreign application for patent or inventors certificate, or of any 
PCT international application having a tiling date before that of the application on which priority is claimed- 



Prior Foreign Application 
Number(s] 



98163! 



Norway 



Country 



Foreign Filing Date 
(MM/DD/YYYY) 



04/08/1 99& 



PrSorlfcy 
Not Claimed 

_ ^ 



□ 
□ 
□ 



Certified Copy Attached? 
YES WO 



□ . Additional foreign a pplication numbers are listed on a supplemental priority data she 



□ 
□ 

□ 



B 



I hereby claim the benefit under 35 ILS.C. 119(e) of any United States provisional application(s) listed below. 



Application Serial Nticnberfe) 



Filing Date (MM/DD/YYYY) 



Q Additional provisional application 
serial numbers are listed on a 
supplemental priority data sheet 
attached hereto. 
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Declaration wid Power of Attorney for Utility or Design Patera Application 
Serial No. 03/^121 
Atty. Docket Na 
Psge2of3 



DECLARATION - Utility or Design Patent Application 



1 he«by claim tht tojwfii under 35 US.C. U0 <if any tlmi**! Staiej applieniiotifs), or 3G5(c> of any PCT inlenrttional ifrplfcAtwri designating tiws 
United Stile* America* ti&ttd bd-i^v an^ Insofar as thd subj^i milter of tech pf the clpims erf this application tj fist disclosed in the priwr United 
States ©r PCT jnwnatusml application in rh* manner provided by the Htstptrngrsph **35 U,5,C 1 12, 1 nckiio^Irdgc ihe du«y to dispose inlfarimfflofi 
ivhlph Is lnaicrial w patervttbitity es *teflneij In 37 CfH 1,5$ wfcich hccinne available brtsycan thr filing ante oUhfc prior application and the national or 
PCT mtenrafcfcnal fiKrta dote cf this appHsBiicn. 



l/.S, Parent ApptfctttiDrt or PCT Parent 
Serb! Number 



Pur aft t Filing Dtti 



Parent Patent Number 
(ifnpffllcahU) 



PCT/N099/M11* 



04/07/193? 



D Addhtow 1 tT.S. or PCT lnh;rriimcpai appHciuton numben ^ iteted en » yuppl cflicniat priority daU irwei attached hawto. 



Af u n*m*J invcntof p J hereby tpprinc the JoUa^in^ registered proctiuow es umyonceirtc this applica tion re jonflftsr ttt hqtincyy iq tfic pstcht 
Bnd Tradtmwi: Office connected therewith: □ Customer Number 

OX 



13 fcefctsierccJ prac!ifinnet(s) nime/rtgistiariart niirfiber Uslcd below 



Sumter 6a? Cade 



Njirr>« 



Rrgtstrntiari 
Number 



Name 



Nucnbtr _ 



Steven M . Bauer 
Jchrj V. Bianco 
Ssafecile A.5. Blunddi 
Mautfftsn A. Bieanarian 

Jennifer A. C&macho 
Joseph A* Capraro, Jr. 
John J. Cotter 
John V. Forcicr 
Sleveri J, Frank 
Brian Gaff 
Michael J. Glannttm 
Duncan A- Greenhal|h 
Wftiain G, Guer;n 
Jonathan A, Harris 
(ra V. Hcffari 
Danielle L. Hcrritt 
!>MglAs J, Kline 
John D, Lanzit 
Kurt W. Laekwocd 



31,4*1 



-44JS9, 




44,74? 



40,704 



Thomas C Meyers 
JnsBphB, Mi islet n 
David Q. Miranda 
EUtf ds P. Mwrc 
Iridronil Mukerji 
Edmund R, fa'tchar 
Michael A. Rodrigu«j 
hinlc H. Rose 
K Stephen Rosenheim 
Christopher W. Strain; 

ras^h P. Sullivan 
Robert 3. Tosfi 
Thomas A. Tumno 
Michael J. Twomcy 
ChTistirn: C, Vita 
Pnlii^ ItH. WciiJcr 
Dfinict A. Wilson 
Ym ?. Zheng 



P«4i544 



38^70 



43,153 




+4,372^ 



Q Addrticinal r^^t.^erfid Jjrsctitioners narntd an supplemental Registered Practitioner Information sheet tmth&d hereto. 



Direct all cortespOfldencc tOL 



Fatc ftt Ad inki^ir?«>r. 

125 High Stres t, 
Boston, MA 

Tel. Nq.: (£Il>^i»=5!QnQ__- 
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Declaration and Power of Attorney far Utility cr Design latent Application 
Serial No. 0*/S73»U? 
Arty, Docket No, FMKI43 
Page 3 of 3 
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I htrfcby declare that *U itttemeftis made Herein of try own knowledge ore irue ftnd ikal eU statements made An Intbrmauon and 
bcliet>" twtbvfid to betroe; an4 ftirth&r that ituse statements ware made wiifc the kiwwledBc tfc*i willful ftlse statements *nd 
the like So roarie are pwiiuhabl* by fine or imprisonment, or berth, under 1 8 ILS.C 1001 and th» such wilUUI fete Jiafantitte 
rpay jeopan&fcthc validity of ih* application or any pat&nt issued iterean. 



Name of Sole or yfrst inventor: □ A petition has b*«i tifed for this unsigned inventor 


Given N arnc [tf rst and middle ftf my}) 


Family Nome or Simuune 






rnventcr , « Signature 




D*te 




Jtesidenet 


City | SUthMle State 




Ceunfcy Norway /$X 


Citizenship 


Norwtfiia^ 


Post Office Address 




P,G. Add re$* [line 2) 


City 


S*«ih«Ilc Sato 




ZX? i Country 


Norway 


EJ Additional inventors being framed on tftft supplemental Additional lovfchtcwft) shecifc) attached htrpto. 


Ninw of Additional Joint Inventor, tf any: 


D A petition has been filed for This unsigned Inventor 


Given Nome (first and middle [if *ny]) 


Fsmiiy Name or Surname 




Jena 


trvventa^'s Signature 




Dose 




Residence 


City I Langesuad fyjf Js//^ 


, Country Norway 


Citizenship 


G*rm«n ^ 


Fost Office Address 




P.O. Address (line 2) 


City L-angtiund 


State 


ZVt N*J970 1 Counay Norway 


Know of Addfticnnl Joint Inventor, if any: 


Q A petition )ias been filed for this unsigned inventor 


Given Name {first and middle j if any}) 


Family "Name or Surname 


Richard 




Inventor^ Sigwwure 


| Date 






City 


Oslo | Signs 








Fo&t Office Address 


Sorbyhftugen 30 


P.O, Address (Jina 3} 


CHy 




State 




ZIP 


Country Norway 
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L.mu>*_nm po^.^ofe... . frank b. dehx 
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SupploTijeMfil Sbeet of Declaration and Power of Attain*? fi&r Utility or Design Pfftsni Applitaiion 
Serial No, 03/$73 f 12i 



Affy. Docket No, 


DECLARATION AND 


ADDITIONAL INVENTORS) 


POWER OF ATTORNEY FOR UTILITY 


Supplemental Sheet 


OR DESIGN PATENT APPLICATION 


Page I of i 



N»nu of A<tdittwt»l Joint Inveik tor, if «iy: □ A petition Kbs been filed for this unsigned invewor 


GWen Name, (first and mid<dl« [tf any]} 


Psmilv Nam* Surname 


Ivar Murtiti 


Dahl 






Pate 




Residence 


City 


Oak) 


State 




Co unity 


Norway Citizenship 




frost Office Address 




P.O. Address (line 


CUy 


Oslo State 


ZIP 


tf-&46* Country 


Nofrwiy 


Num« bf Addition?! Joint Inventor, If any: 


D A petition basfceen filed for this unsigned inventor 


Gi Nam« ^flnst antf middle Rf any!) 


F&TnlhrNftm* or Surname 






l/ivsn tor's Signature 




Dote 




Residence 


Ctty 




State 




Country CitfsftftiMp 


PsSt Office Address 




p-O.Addrass (linc£) 


City 




5 tain 




ZIP 1 


Country 





COPY ONW 
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0# 0700 



FRANK B. UEHN 



EXPRESS MAIL 



DECLARATION AND POWER 


Atiomfcy Docket No. 


FRD-C43 


OF ATTORNEY FOR UTILITY 


first Named inventor 




OR DESIGN 


copiers & knows 


PATENT APPLICATION 


Application Serial Nujnbcr 




Q DsdSTiUiart , |S Declaration 


FilingDste 


October Ifl, 


Submitted wilh Submitted after Initial 


drmip Art Unit 


No? V« Assigned 


Initial Filing Filing Surcharge: 

1.16(c) required) 


Examiner Name 


Not Yet Assigned 



Am b below Filmed inventor, 1 hereby doctor* that; 

My residence, post oiKc* address, and citieenghlp ax* as stated b4nw next to my tumie. 

1 bilieve I am the original, flrsr *jd sofc jnveocor (if only one nam* is listed below) or an origfo&l, ffac and joint inventor Of plural 
na mes to toed bclowl ojthg subject rcffitr whuh is cl&imgd andjbr whkh a patent Is sough! on the invention tntUM; 



CATALYST SYSTEM FDjl ETHYLENE POLYMERISATIONS 
(T^it ofth* /nventwrrj 



□ 



United States Application Serial dumber or PCT Inlem&tionaJ 



tho specification of whidi 

□ is attached hcteto 
OK 

E was fiUd on 
(MM/DD/YWY) 

Application Nurnber 1 tp/ST^ial^ __ 1 and -was unonded art (mM/dtj/yYVY) | WiaflQ&p^ 1 flf applicable). 

f hereby sfctc that 1 have reviewed and undorsiand tii* canteMs of the obtivt: identified specification, invading the dfcims, gs amended 
by any amendment specifically referred to abor*. 

I acknowledge the duty to disclose m the Fatetf Offct all information toown by m« to bb material to patentability ts defined in 37 CFR 
1,56. 



I hereby claim foreign priority benefits undfcr 35 U.S.C 1 t$(aHd) °r W of any foreign applications) for pttefit or inventor's 
Mrtificate, or 3 65(a) of w»y PCT international application whick flesigrmted at teatt ane country other then the United Staws of America 
listed bstlow and havt jlso identified below, by checking the box, any foreign application fer patent or inventor's wiflcat^ er of any 
FCT international application having a. fihnft date b«fcte that of the application on which priority js cl&irnfcd- 



?rbr FovtigTt Application 
Number^ 



Norway 



Ctumtry 



Foreign Filing Date 



Priority 



□ 
□ 
□ 
□ 



Certfljod Copy Attached? 
VjjS NO 



E^3 Add itionat fetei m y pUcatgonjnirnbcw" are Jilted on a supplement^ priority dm* ahwt tttochod jbtfrta, 



□ 

B 



Hicreby claim the benefit undtr 35 19(e) of aay United States piovjsfonal qppliretojs) Msgd bajpw. 



Application SerJaJ Wumberfe) 



Ci Additionol provisbrmt application 
serial numbers are listed on 3 
supplemental priority d&ta Sheet 
attached hereto- 



COPY ONLY ^ 

not yst wocessa? 



^Declaration mid Power of Attorney for Utility or Design Patent Application 
Serial ISo. 09/673,121 
Atty. Docket No. FRD-043 
Fage2of3 



DECLARATION - Utility or Design Patent Application 



be cby clmm fl* bwrfii under 3S U.S.C. 120 or any lMt«! States applied*), or 365(c), of any PCT intenwtloU application desisting the 
Un.ted S M«>f America, listed Mow an d, Insofar as the subjw matter ofeach of the c Isims t»f this application Is not disclosed in th e prior United 
Strtos or PCT rocmat.onal application in th? manner provided by ths 0«t paragraph of3S U s.C. 1 12, 1 acknowledge the duty to disclose information 

PCT international fihng dale of ihis application* 



U.S. Parent Application or PCT Parent 
Serial Nuntbci- 



PCT/NO99/00116 



04/07/193? 



Parent Filing Date 
(MM/DD/VYYY } 



Parent Patent Number 
(ifapfillcabte) 



frKff 011 * us - or p CT international applicat ion numbers arc listed on a supplemental priority d B t» sh J attached hSSo" 



^T^ '^n^ 1 ***** 7f" *■ **** practitione rs to prosecute this app lication a nd to WS aot ,11 basics in the P»icnt 

end Trademark Office connected fh^Lv.m I . r\^+~«,<». M — . r ■ " " rJr r ? tcn L 

Customer 
tf-umber Bar Code 



-»* - —-ft, - -a * — 

end Trademark Office connected therewith: □ Customer Number 

OR 



Name 



Steven M. Bauer 
John V. Bianco 
IsabcIIe AS. Blunder!] 
Maureen A. Breanahan 
Michael H. Brodowski 
Jennifer A. Cemache 
Joseph A. Capraro, Jr. 
John J. Cotter 
John V. Forci'er 
Steven J. Frank 
Brian M. Gaff 
Michael J. Giaimettci 
Duncan A. Greenhalgj* 
William G. Guertn 
Jonathan A, Harris 
Ira V, Hcfifon 
Danielle L. Hcrritt 
D60glas J. Kline 
John D. Lanza 
Kurt W. Loefcwaoo" 



53 Registered practitioners) name/registration number listed below 



Label Here 



Registration 
Number 



43.321 



4L64Q 



36,471 



3SJ1&. 

42,545 

33,497 



42,574 



38.67S 



41,047 



44 T 744 

11059- 
43,670 

jp74" 



40 T Q60 



40,704 1 



Name 



Thomas C. Meyers 
Joseph B, Miistein 
David G. Miratida 
Ronda P, Moore 
Indranil Mukerji 
Edmund R. Pitcher 
MiahacI A. Rodriguez 
Jamie H. Rose 
R. Stephen Rosenheim 
Christopher W. Stanios 
Diana Ml Steel 
Joseph P. Sullivan 
Robert J, Tosti 
Thomas A. Tursno 
Michael J. Twomcy 
Christine C Vita 
Patrick lUL Waller 
Daniel A. Wilson 
Yin P. Zhang 



36,989 



RegistrAtioit 
Number 



42 T 897 



42J.1L 



44.244, 



41.274 



45,2_B3, 

43,153 
45,349 



35.393 



38,349 



39,061 



41,418 



45,50s 



1437T, 



□ Additional registered practitioners named on supplemental Reared ft«&toiwr formation sheet arched hereto. 



Patent Administrator 
TeSta, Hu ry/it? & _Ttubg^ultLij> 

JjSHigh Street 
Bosto n, MA Qg jIO 
Tel. No.: r 6I71 248-7Q0Q 
Fax No.r (6*7)245-7100 
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• . Declaration and Power of Attorney for Utility or Design Patent Application 
' Serial No. 09/673,121 

Atty. Docket No, FRD-043 

Page 3 of 3 



hereby declare xhat all staiemmts made herein of my own knowledge ai* true and that all statements mad* on information and 
bcliet arc bet teved to be true; and further that these statements were made whh the knowledge lhat willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under 18 U-S.C. 1001 and thai such willful fehe statements 
may jeopardize the validity of the application or any patent issued thereon. 



2 P.O. Address (line 2) 



Name of Sole or First Inventor: 



□ A petition has been tiled for this unsigned inventor 



Given Name {first and middle fif anyft 



AriW 



Inventor's Signature 



Residence 



Pose Office Address 



Family Name or Sumnmc 



Follestad 



City Stathelle 



State 



Damstien 10 



Country 



Date 



Norway 



Citizenship j Norwegian 



City 



Stathellc 



| Siatc I 



ZIP 



Country 



Norway 



gl Additional inventors are b eing named on the supplemental Additional Inventors) shecte) attached hereto: 



Name of Additional Joint Inventor, If any: 



□ A petition has been filed for this unsigned Invtntor 



Given Name (first and middle \if any] ) 



KJaus-Joachim 



Family Name or Surname 



Jens 



Inventor's Signature 



Residence 



Post Office Address 



P.O. Address (line 2) 



City 



Langesund 



Kittrlighetsstien 19 



State 



Country 1 Norway 



Dote 



Citizenship German 



City 



Langesund 



State 



Nrtme of Additional Joint Inventor, if any: 



Country 



Norway 



□ A petition has been tiled for thts unsigned i 



inventor 



~7 



Richnrd 



Given Name (first and middle fif any)^ 



Invemor's Signature 



Residence 



Post Office Address 



P.O, Address (line 3) 



City I Oslo I State I 3 



Blom 



Family Name or Surname 



Sorbyhaugen 30 



Country I Nonvay 



Citizenship 1 Norwegian 



City 



Oslo 



State 



[ [ZIP [N-Q377 | Country | Norwa'y 



copy-only 
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Supplemental Sheet of Declaration and Power of Attorney for, Utility or Design Patent Application 
Serial No. 09/673,121 
Aery. Docket No. FRD-043 



DECLARATION AND 
POWER OF ATTORNEY FOR UTILITY 
OR DESIGN PATENT APPLICATION 



ADDITIONAL INVENTOR(S) 
Supplemental Sheet 

Page I of I 



5>. 



Name of Additional Joint Inventor, if any: | C 


I A petition has been fifed for this unsigned inventor 
Family "Name or Surname 


GWen Nbkic (first and middle r if anyl) 

Ivar Martin 


Dahl 


Inventor's Signature 




Date 


1 6 . vn o V , 2ccc 


Residences 


City 


Oslo | State j j Country Norway Citizenship Norwegian 


Post Office Address 


Kangs 




P.CX Address (line 2) 


City 


Oslo 


State 


ZIP 




Country tSforway 


Name of Addition?! Jo 


int Inv( 


rntor. If any: 


Q A petition has been filed for this unsigned inventor 


Given Name Cfiwt and middle fif anyl) 


Family Name or Surname 






Inventor's Signature 




Date 




Residence 


City 


State 


| Country Citizenship 




Post Office Address 




P.O. Address (tine 2) 


City | | Stats 




ZIP 




Country 





Wundell3902/44.1 1043S2-1 
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